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porformcd by the Aerodynamics Technology Staff of the Boeing 
Commercial Aiplane Company, a division of -The Boeing Company, 
Seattle, Washington. The work, sponsored by NASA Lewis Research 
Center and reported herein, was performed between August and 
November 1973. 
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1.0 SUMMARY 


Two high speed wind tunnel tests were conducted to investigate 

the effect of JT8D-1Q9 refan nacelles on Boeing 727-200 cruise 

drag. The first teat was aimed at determining the side nacolle 

and center inlet contours. The second test was conducted to 

complete the investigation of fairings at tho f usolage-nacalle 

strut intersection and nacelle strut chord extensions. These 

fairings and nacelle strut modifications were designed to 

alleviate a local flow separation at the aft end of the nacelle 

strut-? fusel age intersection. The following conclusions about 

the nacelle and center inlet configurations were reached from r! 

: i 

the test results: 

• The drag, level penalty for refan nacelles is less than i 

the predicted value. * 

• Drag rise of the refan installation is better than that ■ 

of the production nacelle installation. 

• The side nacelle contour is acceptable with a straight i! 

sided portion (cylindrical) near the center to 

facilitate interchangeability of right and left nacelle \ 

cowl doors . \ 

A 

h 

• No inboard canting of the inlet highlight plane is required j 

for the side nacelles. This permits interchangeability of \ 

right and left inlets. (Production 727-200 has 4° inboard j 

I 

cant . ) 


I 


• The aide naaallo atrut configuration nhould include an 
aft atrut-’fuaalago fairing or aft atrut chord extanaion. 

* Can-tar angina iniot aontauru wore uatiafactory aa initially 
dofinod for the rui'an engine. 


2.0 INTRODUCTION 


•VHo Pratt K Whitney Air ora f t. JTM)~109 engine in a derivative ol; 
the basic iiTBP-i) turbofan engine, modified to incorporate a now, 
larger diameter, single-stage fan with a by pan a ratio of 2.03 
and two supercharging low-pressure compressor n tages . The 
modification gives lower Jot noise, increased takoot f and cruise 
thrust , and lower specific fuel consumption. The use of the 
JTBD-109 engine on the Booing 727 airplane will require enlarged 
side engine nacelles and center engine inlet. The affected 
regions on the airplane are indicated on the airplane general 
arrangement shown on Figure 1. The effects of these larger 
nacelles and center inlet on the low speed stability and control 
characteristics of the 727-200 where investigated . in the Booing 
Vortol Wind Tunnel during May and Juno 1973. The results of these 
low speed tests are reported in NASA CR-134503. This investigation 
largely determined the positioning of the nacelles relative to 
the fuselage. 

Two high speed wind tunnel tests were then run to determine the 
Boeing 727-200 NASA Re fan Nacelle external contours and to 
provide the basis for prediction of the resultant incremental 
cruise drag. The first tost was conducted in the CALS TAN 
Transonic Wind Tunnel in Sept. 1973. The principal purpose of 
tills first high speed tost was to investigate the effects of 
side nacelle contour changes. A second high speed tost was 
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conducted in the Boeing Transonic Wind Tunnel, in Oct. 1973 > 
to further investigate tho nacelle strut configuration. The 
portinent tost results from those two high speed tosts ora. 
analyzed and prosentod in~this report. The results from those 
tests were used in determining the NASA Refan external configu- 
ration and to predict the associated incremental. cruise drag of 
the selected configuration. 


4 


3.0 NOMENCLATURE 


AC D 

(Not) 

AC D 

(Cantor 

Inlot) 

ACp 

(Nacelle) 

AC D 

(Improv. ) 


Airplane lift coefficient, lift/ q^B 

Airplane (Iraq aaoffloianfc# drng/q*, B 

Cp with Refan aide naaollofl and cantor duct minus c. 
with production eilda nucollos and cantor duct. 

Cp with cantor in lot minus Cp with no cantor inlot 


Cp with side nacelles minus Cp with no side nacollos 

Cp without fairing or extended strut chord minus Cp 
with fairing or extended strut chord. 


Pressure coaf ficitsnt , 


P - p 


Re/Ft 


Mach No. 

Wing angle of attack 
Reynolds number per foot, 


/°oo V* 


CALSPAN CALSPAN Corporation Transonic Wind Tunnel 

BTWT Boeing Transonic Wind Tunnel 

Local static pressure psf 

P«o Freestream static pressure psf 

Freestream dynamic pressure, 0.7P<*,M , psf 

V«« Freestream velocity ft/sec, 

Freestream viscosity 

fUtb Freestream static density 

2 

S Wing reference area ft 
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4 . Q MODEL AND TKgE-PEaCBIPTIQN 


4.1 MODEL 

An existing .046 scale model of the 72 7^00.. -airplane was 
used. Production and Rofan center ducts and- nacelles woru 
flow through type, Side nacollo construction consisted 
of an aluminum body with epoxy contours (inlet lips were 
solid aluminum contours with no epoxy covering) . The 
center engine duct was made of a molded fiberglas duct 
from a solid aluminum inlet lip and exit piece. Inlet 
velocity ratios appropriate to cruise thrust were obtained 
with the side nacelles and center duct by slightly opening 
up the exit area of the nacelle. The fuselage was built 
with a steel inner body structure, aluminum bulkheads and 
fiberglass skins. The wing consisted of a steel spar with 
epoxy contours. The wing was made up of right and left 
panels connected by an incidence block. 

4.2 TEST FACILITIES AUD MODAL INSTALLATIONS 

Tests in CALSPAN and BTWT transonic tunnels were run at 
nearly the same Reynolds numbers. Corrections were made 
to C D values for variances from a nominal Reynolds number 
schedule with Mach number. The C D correction was based on 
the variation of flat plate turbulent skin friction with 
Reynolds number. The following nominal Reynolds numbers 
Were used? 


r*PWP??nTT0rp r PAf!P PT A VTr WOT FFWFT) 



fto/ffe. 

t»6 

X 10 

Mach Do. 

(Calppan) 

(BTWT) 

.70 

3.375 

3.33 

.78 

3.09-3 

3.51 

.80 

3.00 

3.50 

.32 

3.703 

3.538 

.84 

3.70 

3.026 

.88 

3.815 

3. 662 

.83 

3.87 

3.090 


4.2.1 CALSPAN Transonic Wind Tunnel 

The model was plato mounted with an island fairing 
around the base of the plate (Pig. 2) , A strain 
gage force balance was used for measuring model forces 
on the plate. 

4.2.2 Boeing Transonic Wind Tunnel 

The model was similarly plate mounted on an island 
fairing (Pig. 3) but this time the tunnel main 
external force balance was used for force measure- 
ments . 
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G.Q TOpy Rf'i.suiyLy. amu mfiL’uuuiiMj 


Data aaqulrnd elm 1 inn tho two high npond wind funnel tentn 
included model forao monnuromontn, m tat. In promum- nunmn nmonl n , 
and flow visualisation with Quuronoont oil. iulmu.il ding oi 
tho Clow naeolloti and center duct wove calculated lining an 
existing boundary lay or computer program. Velocity distributions 
wore calculated using static pressure measurement inside the 
nacolloa near tho exit to establish actual internal Clown. 
Intornal drag values are subtracted from nacelle drag increments 
in all cases. All surfaces were tripped with strips of 
distributed grit. Test configurations are pictured on Fig. 4 
to 6. A summary sketch showing refan nacelle configurations is 
presented on Fig. 7. 

The first test was intended to provide the basis for establish- 
ing side nacelle and center inlet configurations. Also, some 
initial work was done to define a strut/fuselage aerodynamic 
fairing or strut chord extension to remedy a local flow 
separation discovered at the intersection of strut and fuselage 
(aft end) . This work was continued during the second test and 
a suitable fairing or lengthened strut was developed. The 
overall net drag increment due to the refan nacelle configuration 
is given on Fig. 8. This includes the improvement gained by a 
strut/fuselage fairing. 
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Specific drag af facta are presented on the next figures, The 
firat comparison is between standard and rcfan center inlets 
on Pig. 3. Little difference resulted, Tha two configurations 
differ principally In inlet diameter » inlot lip height above tha 
fuoolago, and tho angle of hm highlight piano, Comparisons of 
§oma principal dimensions are given bolowj 


Contor 

Inlot 


highlight 

bla. 


Lip Haight 
Abovu Fusolaca 


Anglo of Inlut 
Axlo to Fus e lage 


Production 43.7 in. 


15.8 in. 


0 ° 


Rofon 


54..5 in. 17.0 in. 3°40' 


Drag increments for standard and refan nacelles aro g:lvi a \ 

Pig. 10. Corresponding oil flow photos are ?'*> ,x oi . 11 

and 12, The ref an configuration has ..,,g revel increase but 
more favorable drag rise characteristics as compared to the 
production airplane. Principal dimensions of the configurations 
are indierted below s 


Nacelle 

Highlight 

Dia. 

Maximum 

Dia. 

Length 

Production 

42.0 in. 

50.0 in. 

217.1 in. 

Re fan 

52.2 in. 

62.0 in. 

233.1 in. 

A check of trip 

effect was made on 

the re fan 

nacelle by removing 


external grit Strips, No discernable change resulted. 
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The effect on drag of canting the aide nacelle inlet highlight 
plane inboard by 3° (relative to the nacelle axis) is shown on 
Pig, 13. The standard production nacelle has a highlight cant 
of 4° inboard, It appears that drag level with the 3° cant is 
higher and the drag rise slightly worse. Thus, tho advantage of 
permitting common right and left hand inlet installations on tho 
airplane can be obtained. 

Another effect studied was that of side nacelle contour. Two 
contour alternatives were proposed: 

• A contour with a straight-sided (cylindrical) portion 
in the middle to facilitate the design and manufacture 
of cowl doors. With a - cylindrical portion, cowl doors 
can be made to be common on right and left hand engine 
installations . 

• A fully contoured shape with a continuous curvature 
distribution from front to rear. This would normally 
provide the best aerodynamic design for a nacelle. 

Drag results are shown on Pig. 14 with the straight sided version 
having an unexpected lower drag level. Local flow effects 
appear to predominate over expected isolated nacelle drag results. 
The maximum diameter of the fully contoured shape occurs near 
where peak pressures are indicated on the strut. This aggrevates 


tho local valocity distribution on the inboard- portion of tho 
nacolln and wo’’9tinn dray, 

A local flow separation wan discovered at tho aft ond of the 
intersection between tho aide nacolla strut and fuselage. Thu 
oil flow photo on Fig. 12 shows this on tiia-bottom viow of tho 
strut. Six nacollo strut-body intorsoction fairings and two 
nacelle strut chord extensions were tested in an of-fort to curb 
this problem. Figs. 15 and 16 show the drag improvements tor~~the 
most favorable fairing and strut chord extension as determined 
by size and drag improvement. Corresponding oil Clow photos 
with the modifications are presented on Fig. 17 and 18. The 
separation is remedied in both cases with a resultant drag 
improvement. The net re fan drag previously shown on Fig. 8 
included the benefit from the nacelle strut fairing. 

Static pressures were measured in the vicinity of the side 
nacelle. 

• Two rows of pressure ports on the fuselage - one above 
and one below the nacelle strut. 

• — Two rows of ports on the strut - one on the upper and 
one on the lower surface. 

A sketch of those locations relative to the nacelle is shown on 
Fig. 19. Various static pressure comparisons are given on 
Figures 20 thru 24 to show ef foots of nacelle, Mach No. , etc. 
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Bovoral interesting effects own bo mum, The general level o\ 

C from body alone data indicates a significant high velocity 
distribut ion in tho nacelle arn.i because ol the bouttail effect 
oi’ the body closure. There in a significant shock evident on 
the strut at . 84 Mach number (l’’lg. 21) with tho nacollo instal- 
lod, Tho increased supervolooi ty of tho strut added to tho 
negative C p duo to tho body oloauro causes a ahook just; aft of 
tho strut loading odgo. Those effects are evident for both the 
production and re fan configurations, fig. 20 indicates little 
difference in pressure distributions between Refan and reduction 
configurations. A strut leading edge modification was tried 
in an attempt to weaken the shock but demonstrated no drag 
benefit. Tho flow problem is such that an extensive change to 
the configuration would be required to eliminate the shock 
(fuselage dishing, moving nacollo etc.). These fixes were 
considered beyond the scope of the Rofan Program. 
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6.0 CONCLUSIONS 


Analysis... of data from two 727 refan tests has permitted the 
following conclusions to be made concerning the re fan nacelle 
configurations : 

• A refan side nacelle with a straight sided (cylindrical) 
portion has lower drag than a nacelle having a fully 
contoured shape (continuous curvature variation) . 

• c ting the highlight plane of the inlet inboard by 

3° for side nacelles was found to be unnecessary. Drag 
measurements with and without the 3° cant showed no 
improvement with 3° of inlet cant... Thus, a straight 
inlet could be designed to be common for right and left 
hand nacelle installations. 

• Static pressure measurements were made on. the fuselage, 
above and below the nacelle and on upper and lower 
strut surfaces. These pressures indicate the existence 
of a shock between the fuselage and nacelle just aft of 
the strut leading edge. The shock occurs both on the 
basic 727 and refan nacelle configurations. 

• The drag penalty due to refan nacelles is lower than that 
estimated prior to the test so the nacelle configuration 
appears satisfactory. 
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• A strut/fusaiage fairing at the aft and ©f the side 
nncallo strut or an aft strut chord extension provides 
a drag improvement. 
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FIGURE 4 PRODUCTION AND REFAN NACELLE CONFIGURATIONS 
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Figure 7 sketches of refan nacelle model configurations 








MACH NO 

FIGURE 9 DRAO OF PRODUCTION AND REFAN CENTER INLETS 







M KCW NO. 


FIGURE 10 DRAG OF PRODUCTION AND REFAN SIDE NACELLES 
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PRESSURE ORIFICES 



PRESSURE ORIFICES 


FIGURE 19 SKETCH OF FUSELAGE AND NACELLE STRUT PRESSURE PORT 
LOCATIONS 




FIGURE 20 COMPARISON OF PRODUCTION AND REFAN STATiC PRESSURES 
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